Until recently, Sellocharis paradoxa Taubert, the only species of this Genisteae genus, was known solely by the isotypes. Recent new collections in Rio Grande do Sul, southern Brazil, have enabled data on chromosome number and karyotype morphology to be obtained for the first time. S. paradoxa has 2n = 20 chromosomes, and a bimodal asymmetrical karyotype, composed of one pair of long (c. 6.3 mm) metacentric, five pairs of shorter acrocentric, and four pairs of shorter telocentric chromosomes ranging from c. 3.7 to 2.7 mm. The chromosome number and karyotype morphology of S. paradoxa do not fit into the Genisteae pattern. Existing information is so far insufficient to answer evolutionary questions about its origin and phylogenetic relationships, but the uniqueness of this taxon, first indicated by its peculiar leaf arrangement, and now supported by its uncommon karyological constitution, strongly suggests that the suprageneric taxonomic position of S. paradoxa should be re-evaluated.
INTRODUCTION
Sellocharis paradoxa Taubert, the only known species of the genus Sellocharis, was described by Taubert in 1889, from a specimen collected in south-eastern Brazil by the German naturalist Frederick Sellow, after whom the taxon was named. This herbaceous, shrubby species has an unusual leaf arrangement, not known in any other legume, with five to seven, but usually six, leaflet-like structures arranged in a whorl at the nodes (Polhill, 1976; Polhill & Van Wyk, 2005) . As only the isotypes were known until recently, more comprehensive data on this taxon are lacking. Taubert first placed it near Loteae, and then transferred it to subtribe Genisteae Crotalariineae (Polhill, 1976) . It is currently treated, but not with certainty, as one of the 25 genera of the Genisteae, next to Lupinus L. and Anarthropyllum Benth. (Polhill & Van Wyk, 2005) . The tribe Genisteae is part of the 'core genistoids' (Crotalarieae, Podalyreae, Thermopsideae, Brongniartieae, Euchresteae, and Sophoreae s.s.), and the inclusion of genera in this tribe is based mainly on the shared presence of a trifid lower lip of the calyx (less emphasis is now given to stamen fusion) and the distinctive quinilizidine alkaloids of the a-pyridone type (Polhill & Van Wyk, 2005) .
Although they have clarified many issues on the species relationships in the Genisteae, recent reports on the molecular phylogeny of the genistoid tribes (Crisp, Gilmore & Van Wyk, 2000) , and more specifically on the Genisteae tribe (Cubas, Pardo & Tahiri, 2002; Ainouche et al., 2003; Pardo, Cubas & Tahiri, 2004) , have not included Sellocharis, certainly as a result of the lack of material for analysis, and therefore no further hint on its position has been given. The alkaloid profile is also unknown in Sellocharis.
Sellow referred to the collection site as 'southeastern Brazil' (Polhill, 1976) , but no further specific geographical information was added. After more than 100 years, during the last decade, S. paradoxa has been collected again by researchers from the Botany Department of Universidade Federal do Rio Grande do Sul (UFRGS) in shrubby grasslands and rocky fields of three townships (Barros Cassal, Viamão, and Lavras do Sul) of Rio Grande do Sul, southern Brazil, and the vouchers are deposited at the ICN Herbarium, Botany Department, UFRGS. Recently (2005) , another population was found in another township (Viamão), from which seeds for cytogenetic analysis were also collected.
The objectives of this paper were to determine the chromosome number, analyse the karyotype, and compare these data with the available cytogenetic information for other Genisteae genera, in order to identify a possible cytological relationship of S. paradoxa to any of its putative related genera.
MATERIAL AND METHODS
One accession of S. paradoxa was analysed (R. Lüdtke & M.S. Pereira 488, collected at Parque Estadual de Itapuã, Viamão, Rio Grande do Sul, Brazil; 30°21′47.8′′S, 51°01′42.5′′E). The seeds were collected in December 2005 from several individuals of the population.
The seeds were scarified with sandpaper and germinated in Petri dishes lined with moist filter paper. Roots, 1 cm long, were pretreated with a saturated solution of para-dichlorobenzene for 1-20 h at 4°C, fixed with Carnoy (ethanol : acetic acid, 3 : 1) for 24 h, and stored in 70% alcohol at 4°C until required. The slides were prepared by hydrolysing the roots with 1 M HCl at 60°C for 8-10 min, staining with Feulgen for 3 h, and squashing in propionic carmine. The chromosome number was determined in at least ten cells (intact cells with well-spread chromosomes) of eight different seedlings. For karyotype analyses, five cells with equivalent degrees of chromosome contraction were used. Photographs of the chromosome spreads were enlarged and the homologous chromosomes were paired by their similarity in size and shape. For each chromosome pair, the short arm, long arm, and total chromosome sizes and centromeric index (short arm length/total chromosome length) were determined and, for each cell, the total haploid chromosome complement length (TCL) was calculated. For the preparation of the ideogram, averages of each homologous pair in the five cells were used. The degree of karyotype asymmetry was calculated following Stebbins (1971) .
RESULTS
The examined population has 2n = 20 chromosomes ( Fig. 1) and an asymmetrical bimodal karyotype. The haploid karyotypic formula is 1m + 5a + 4t, with one pair of long metacentric chromosomes and nine pairs of shorter chromosomes, five of which are acrocentric and four telocentric, ranging from 60% to 40% of the size of the largest pair (Figs 2, 3) . The average individual chromosome size ranged from 6.3 mm (pair 1) to 2.7 mm (pair 10), and the average TCL was 36.10 mm (Table 1) . With regard to karyotype asymmetry, the S. paradoxa karyotype is classified as category 3B (ratio of larger to smaller chromosome between 2 : 1 and 4 : 1, and proportion of chromosomes with an arm ratio smaller than 2 : 1 between 0.51 and 0.99) of Stebbins (1971) .
At the metaphase stage, no nucleolar organizer region could be detected in over 100 cells examined, but, in very early prometaphases, two small satellites were sometimes observed, probably in one of the short chromosome pairs.
DISCUSSION
This is the first report of the chromosome number and karyotype morphology for S. paradoxa. Comparing our results with published cytogenetic data for other Genisteae genera (19 of 25), it can be seen that S. paradoxa remains enigmatic. The Genisteae presents a large diversity of basic chromosome numbers (Cubas, 1987) , but a multiple of ten is very unusual. From the published data, the only other Genisteae species with 2n = 20 chromosomes is Petteria scoparia A. Gray (IPCN, 2006) . The most common basic numbers in the tribe are x = 12, 13, and 16 and their multiples, possibly already derived from lower basic numbers such as x = 6 and 8 (IPCN, 2006; Cubas, 1987) . There are reports from 2n = 12 to 2n = 144, indicating a role of polyploidy and aneuploidy in the evolution of several Genisteae genera (IPCN, 2006; Cubas, 1987; Cubas et al., 1998) , even considering some possible taxonomic misidentifications and unreliable counts, as pointed out by Cubas et al. (1998) . Some genera (from those in which more than a few species have been studied) are not very variable, for example Adenocarpus DC. (predominance of 2n = 52), but, in others, several chromosome numbers have been reported, for example Genista (2n = 12-88, with a predominance of 2n = 48), Lupinus (2n = 32-96, with a predominance of 2n = 36 and 48), and Ulex (2n = 32-96). B chromosomes have also been reported in some species (IPCN, 2006; Cubas, 1987; Cubas et al., 1998; Maciel & Schifino-Wittmann, 2002; Conterato & Schifino-Wittmann, 2006) . Anarthropylum elegans (Gillies ex Hook. & Arn.) Phil., the only species of the genus Anarthrophyllum (considered to be very close to Sellocharis) for which there is a published chromosome number, has 2n = 24 (IPCN, 2006) . With regard to chromosome size and morphology, S. paradoxa is again very different from the studied Genisteae genera, such as Ulex and Stauracanthus (Cubas, 1987) , Genista (Cubas et al., 1998) , and Lupinus (Maciel & Schifino-Wittmann, 2002; Conterato & Schifino-Wittmann, 2006) , for which information on somatic chromosome morphology is available, but not detailed karyotype descriptions. These normally have meta-and submetacentric chromosomes ranging in size between c. 1 and 3 mm. As shown in the present work, S. paradoxa chromosomes are longer than those of the above, and are mostly acro-and telocentric, except for the first pair (Table 1, Figs 1-3) .
It is widely accepted that there is a general trend towards increasing karyotype asymmetry amongst the angiosperms, although this is not irreversible (Stebbins, 1971) . This trend, relating karyotype asymmetry and specialization, has been established clearly in genera such as Crepis, Aster, Delphinium Table 1 . (Stebbins, 1971) , and others, although, in other cases, this trend is not clear. Asymmetrical as well as bimodal karyotypes involve chromosomal rearrangements (Stebbins, 1971) . The S. paradoxa karyotype of x = 10 = 1m + 5a + 4t could have been derived from a mostly metacentric karyotype of x = 6 = 5m + 1a or t by centromeric fissions and inversions, or from an entirely telo-and acrocentric karyotype of x = 11a or t, with one Robertsonian translocation or chromosome fusion producing a single long metacentric pair complementing the nine shorter chromosomes. However, any inference that can be drawn about S. paradoxa karyotype evolution is speculative with the present state of knowledge, because of the marked lack of similarity between its karyotype and those of the putative closest genera (e.g. Lupinus), or even any of the other Genisteae genera. Furthermore, it remains to be seen whether the karyotype of the single sample studied here is typical of the species, or whether the chromosome fusions/fissions observed constitute simply a single stage of a long series of such events. To investigate this matter further, seeds will need to be collected from other populations for karyotype analysis, or inflorescences for meiotic observations. Therefore, the taxonomic and evolutionary position of S. paradoxa remains enigmatic.
CONCLUDING REMARKS
The chromosome number and karyotype morphology of S. paradoxa do not fit into the Genisteae pattern. Additional cytogenetic techniques, such as C-banding and fluorescence in situ hybridization, could provide a better characterization of the S. paradoxa karyotype. Existing information, both morphological and cytogenetic, is so far insufficient to answer taxonomic and evolutionary questions about its origin and phylogenetic relationships, but the uniqueness of this taxon, first indicated by its peculiar leaf arrangement, and now supported by its uncommon karyological constitution, strongly suggests that the suprageneric taxonomic position of S. paradoxa will have to be re-evaluated. Could it be that this monotypic genus constitutes a new genistoid tribe? The recent collection of new specimens in Rio Grande do Sul, as well as the possibility of growing living plants from seed, will allow additional studies, such as alkaloid profile and molecular phylogeny, to be made, possibly shedding some light on the taxonomic position and relationships of the taxon.
